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TROPICAL CYCLONES IN AUSTRALIA AND THE SOUTH PACIFIC AND INDIAN OCEANS. 

By STEPEEN SARQENT VISHER, Ph. n. 
(Indiana University, Bloomington. Ind.) 

The tropical cyclones of the West Indian re 'on, the 

The inadequacy of published information as to similar 
storms in other parts of the tropics is perhaps well reco - 

Far EAst and the Bay of Bengal are fairly we1 ff known. 

nized and it may be necessar at  tunes to deal wit a 
assum tions, as mtness the fol 9 owing: A recent writer, 
somew R at of a specialist on Pacific storms, felt able only 
to surmise as to the monthly distribution of hurricrtnes 
in the south Pacific.' 

With the aid of grants from Yale and Indiana Universi- 
ties, and the Bishop Museum of Honolulu. the writer has 
gathered information as to tropical disturbances and their 
effects. Severd island groups were visited in the Pacific 
and much information was also obtained in Australia 
and in the Far East. Conferences were had with Father 
Alp6  of Manila, Father Froc of Zi-ka-wei, Slian hai, and 

Observatory, Kobe, and Cl&uton of the Royal Observa- 
tory, Hongkong. Published and unpublished inforrna- 
tion has been gathered from many sources, including 
foreign and domestic libraries. A bulletin has been 

"Australian hurricanes and related storms 
endix on hurricanes in the South Pacific," 

published soon by the Australian Common- 
wealth Bureau of Meteorology. In  it over 500 hurricanes 
are listed with concise information about each; tracks 
of 200 hurricanes affecting Australia are traced and 
somewhat extensive studies are made of the distribution 
and characteristics of hurricanes in and near Australia, 
and in the south Pacific. In  the following pages some 
of the material in this bulletin is summarized and 
numerous facts not a propriately included there are 

Ocean. 
Tro ice1 cyclones, there conunonly called hurricanes, 

south Pacific, in all but August in Australia, and in all 
but August and September in the south Indian Ocean. 
However, the are rare from May to October, and not 

for most of the region ib the our-month eriod December 
to March inclusive, but there is consi erable variation 
as to the stormiest month, as will a pear later. 

arise, h t ,  the incom leteness of the records an second, 

it merit inclusion. Information is very scant in respect 

woefully inadequate, it seems necessary to consider only 
the periods for which fairly full records are available. 
Also it seems wise to do as "roc and Algu6 a have done, 
include all well-developed tropical cyclones even if winds 
of hurricane force are not rcorded, for as the remark, 
it is not known how soon such a storm w$ develop 
into a destructive typhoon, or whether or not it was 
deatructive along part of its little known course. 

After making conservative allowance for the inc.om- 
pleteness of the record, and counting all gale- roducing 

with Directors Okada of the Japanese Imperja 5 Marine 

added, especially as to t Yl e storminess in the south Indian 

have ! een recorded in every month of the year in the 

P common in d ovember or A ril. The hurricane season 

As to the frequency of storms: A V  o serious uestions 

as to what severity o P storm is required in order to have 

to most of the re on, for most y e w .  In  o r2 er to arrive 
at  an estimate o f the total frequency which will not be 

(P 

a 

storms, not only true hurricanes, it a pears pro f able that 
on the average fully a dozen tropica 9 cyclones occur an- 

nually in the 60' of the south Pacific west of the Low or 
Taumotu Archipela o (lo 140' W.), about as many in 
the 60' of longituck w h 3  includes Australia (loob to 
160' E.) and probably somewhat more than a dozen 
in the 60' of the south Indian Ocean between Africa and 
the Australian coastal watem (long. 40' to 100' E.). 
The evidence for these conclusions is given in some de- 
tail beyond. Hence, the indications are that about as 
niany tropical cyclonic storms occur annually in this half 
of the southern Tropics (longitudes 40" E. to 140' W.) 
as one recent authonty reports from the chief storm areas 
of the Northern Hemisphere (34 storms a year, including 
many which do not attain hurricane force.) 

Now to take up the storminess of the three great parts 
of the Southern Hemisphere treated in this article. 
The stornliness of the South Pacific will be considered 
first,. The occurrence bp island groups and the monthly 
distribution of tropical hurricanes in the South Pacific 
from New Caledonirt to the Low or Taumotu Archipelago 
inc.lusive is considered in Table 1. It is based on a total 
of 246 hurricanes, but as some storms affected more than 
one group, the sum of the monthly figures totals 292. 

TABLE l.-lkopicnl cyrlnnes .in the soicth Pacific, bnqhides 169' E. In  
1.w" T., brj island groirps. 

Fiji _._........__ 21 
Tongs. .. . ...._. 16 
Samoa ....._.... 10 
North Hebrldss. 11 
North Caledo- 

ma. .  . .. . . _ _  ._ . I I  
Norfolk.. . . . . . _ _  4 
Pautomas. . . . . . 3 
Tahlli ___...___. 3 
Solommu.. . . . . . 2 
Cook Islnnds.. . . 2 

Totals. .._ S3 
- 

- __ 
It will be seen by Table 1 that the hurricane season 

extends from Debember to April, inclusive. During this 
five-month period *out 95 per cent of the recorded 
storms have occurred. January has about 30 per cent 
of all storms, March about 25 per cent, February about 
20 per cent, December about 13 per cent, April about 6 
per cent, November about 2 per cent. The other six 
months combined make up only about 4 per cent of the 
storms. The monthly distribution differs, however, in 
several island groups. While in most January is the stor- 
miest month and March is second,' in four groups March 
is equal to or ahead of January, and in two groups more 
storms have been recorded in February than in either 
January or March. 

For 
example, in some grou s and decades the information is 

for $ iji is relatively long; I spent a month there in 
1921 gathering information as to storms from observers 
who reside in different parts of the group, and from the 
Government records, and newspapers. The Tonga list 

The number of recorded storms varies greatly. 

fair1 complete, for ot f l  ers it is fragmentary. The list 
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....... 17s 
1819 ............ 
1 w  
1F31 
1.933 ... 1 
lfi3.i 
lF35 
1s6 
1W7 ...... 
1538 
1s9 ...... 
1s4c ....... 
lS4? 

............ 
- 

daily weather maps for the ears 1893-1931 while 

in 1921 . 
Information as to the hurricanes of other groups comes 

chiefly from the list in the Seyslh.an.db.uch, suppleniented 
b stornis mentioned in recent (190s and 1930) editions 
o r  the Pacific Island Pilots (Unibed States Hydrographic 
Office) and the Pacific Islands Sailing Directions (British) . 
Data as to a few other stornis were obtained elsewhere . 

The first extensive list of hurricanes in the south Pa.cific 
is tshat of E . Kni ping. 1S93.O I t  increased Dobson's list 
of 24' to 120 . the Segebh. nndbiich (loc . cit., 1897)? the 
total was increased b 10 . Scliuck studied the time and 

and added 5 to thelist. brin ing it to 135 . I have brought 

as to each storm are given. toget.her with reference to the 
sources of information . 

The final column of Table 1 consists of estimntes as to 
the probable annual frequency of severe tropical cyclones . 
It is based upon the decades or series of years for whmh 
the information appears fairly complete . For example, 
for the New Hebrides. during the 36 years 1567-1593, 

with no record . On this basis it appears t iat somewhat 
more than 1 hurricane is to be expected annually . But 
since two storms a year have been recorded in many 
years, and as the island groups of similar size to the east 
and west have averages of two or more a year, it seems 
reasonable to surmise that an average of nearly two 
stornis may be expected to affect some art of the New 

only 7 hurricanes from the Low Archipelago, the fact 
that four occurred in one 4-year period and three in 
another 4-yeax period suggests that hurricanes are not 
infrequent in this grou . A scientist who Bas studied 

occurre in the f not rarely in both groups.s 
The total of the several estima.tes of the number of 

hurricanes per year is 15 storms a year for island groups . 
However, perha s 2 or 3 storms moss two or more groups 

Thus the total number of severe tropical cyclones damag- 
ing these island groupsappears to average about 12 a year . 
However, .more than a dozen liurricanes probably occur 
annual1 in this general region, for doubtless a few un- 
recordei storms pass between tshe groups each year, 

working in the central office of t T le bureau at Melbourne 

place distribution in K is Zwr Kenni.ni.8 d m  Wirbekirii.me: 

it  to 246 in the bulletin a P ready mentioned. where facts 

22 hurricanes are reported. but there is a fP  Of yem 

Hebrides annually . Likewise although ?p able 1 nientions 

oup and in t R e Marquesas reports that they 

of islands and t R us appear more than once in Table 1 . 

5 Dnrlsrlic Scetuarlc Hamburg 1897 . 
6 Iinippiug: Die Tkpixhen drkane der SUdsee. Arehiu . der Dmfdchrn Sfeworrr . 1 s  . 
7 Dobsan: A W g i a n  C#clonolug~.. 183 . 
0 Ralph Linton. of the Bishop Museum of Hmolulu. scientiflr sta5. oral communi& 
A . SchfiCkF: Bellrnse zlbr Mecreqkumdr . 111. HmbuW. 1906 . 

tion . 

1 .....I.. .... 
-.!----. ......, 1 

...................... ..... ..... I:::::: ......... ............... .................................... .......... ..... .................... 
1 I 1 

.................................. ..... 1 ~ 

...................................... 1 ........... ! ..... 1 .......... .................................................................. 1 

............................................................... 1 
1 

.......................................................... 1 ..... 

.................................................. ! ............... 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......I ............... 1 

1 ..................... ......I : ......................... 
1 _ . _ _ _ I  ................ ......I ...................... 3 1 

especially between Fiji and the New Hebrides and 
between Tonga and Samoa and Cook Islands . 

The occurrence of recorded hurricanes in the south 
Pacific by years and by months is shown in Table 2 . 

IS50 ... 
IS41 
1 w  ... 
lS3 ... 

TABLE 2.-Retorded h11:rricanes i n  south Pmi e. by years and sionths . 5 longitrdes 160' E . to I f 0  W . 

2 1 1 ................ "....,"... .......................... ........ 1 1 .......................................... 1 ..... 
1 1 2 .......... I ........................................... 
2 1 2 ................................. I ..... ..... 

Tear . 
i cr . 

1 w  ... 1 1 
1R95 ... 1 1 

.....I 2 
1 ................................................. I .......... ............................................................... 

.. 

A 
Y 

. 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
2 
4 
1 
1 
1 
2 
3 
6 
1 
1 
1 
3 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
2 
3 
7 
1 
1 
1 
2 
5 
7 

8 
3 
8 
4 
3 
4 
7 
2 
1 
3 
4 
3 
5 
13 
7 
3 
2 
1 
1 
1 
1 
1 
1 
4 
1 
5 
1 
3 
1 
1 
3 
1 
2 
2 
1 
4 
4 
5 
3 
4 
5 
11 
6 
7 
3 

w 

a 

. 

. 

1x39 
1900 ... 
1901 ... 
19112 
19 03 ... 
1904 ... 
1905 ... 
1906 

..... 
1 1  

............................................................. 1 
1 

............................................................... 1 ..... 
2 1 1 1 ................................................ 
1 ............................................................... 
2 ..... 1 ..................................................... ......... 1 .......................................................... 

................................................ 
1 ... 1.1 1 1 ...................................... 1 ..... 

1907 .. .I 
1BoR ... I 1 
1909 .._I 
1910 ............. 
1911 ... 1 
1912 ... 1 

1914 ... 1 

1016 ... 1 
1917 ............. 
1915 ........ 
1919 2 
1920 ... 2 
1921 ... 2 
19 22 ... 2 

.:.:...... ;' 
... 

............... 1 ............................ 1 .................... 
..................................................... : I::::: 
..... 2 ..................................................... ............... 1 ............................ I .................... 

1 ........................................... 
............................................................... 

1 ...................................... 1 ..... ..... 2 ........................................... 1 ..... 
1 ................................................ 

1 ........................... 1 .......................... 
1 .......... 1 ........................... 2 ..... 

1 3 ...................................... 1 .......... 
1 1 1  1 1 3 a 2 ..................................................... 

1 ...................................... 1 2 1 ..... 
..... ........... ..... ..... 

............................................................... -- __-------- 
Tatal .. 68 I 44 59 17 2 2 11 1 2 4 7 1  30 3 
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The regions of origin of cyclones in the south Pacific 
to months and location are shown in Table 3. 

approximate o 'n of all storms in the foregoing list not 

place of origin is avdable for very few storms, this table 
gives approximate origin only. 

TABLE %-Region qf the origin. of cyclones in the south Pacific, clms<fifd 
aecordiiq to inonths and locations in areas 5 O  sqttnre. 

[Figures following a dash (-) are of storms concerning w h i h  information Is frsgmentar'.l.l 

This accor&T tab e is an extension of that given by Schiic.k,'O the 

studied by him ?? eing given. As information as to exact 

Month. 
Degrees4 

$SoUtlL 

-I- 
Jan..... 5-10 

10.15 

93-25 
qTJ-30 
30-35 

15-20 

Total. ......... 
Feb ... 1: 15-20 

20-25 
aCr30 
30-35 

Total. ......... 
Mar ..... 10-15 

15-!UJ 
2u-2.5 
'zl-30 
30-a5 - 

Total. ......... 
I__ 

Apr .... 10-15 
15-20 
B-25 
a5-30 
30-35 

Total. ......... 
Yay .... 15-20 
June .... 25-30 
July .... 93-25 
Aug .... -&30 

20-25 

Total. ......... 

Sept .... 1.5-20 

oct ..... 15% 

Total .I.. ...... 

Total. ........ 

Total. 

Grand 
total. ........ 

East. I west. 

Turning now to Australia and its coastal waters, longi- 
tudes 100' to 160' E., Table 4 shows the recorded tropical 
cyclones by years and months and Table 5 the approxi- 
mate origin or place or first record, by 5'-squams by 
months. 

TABLE 4.-Rerorded httrriranes, 100' to 16U0 E., duiitralia and adjacent 
waters. by years and nmnths. 

- 

.......... ................ ...................... ............ 1m.. 1 
1M3.. ..... 1 ..... 
1s-fi . ...... ..... 

..... .......... 
....... 

2 ...... ................. ............ ....... 1 ..... ..................... ................. 
........... ..... ....... .......... ........... ............... ....... ..... 

..... ....... ..... .................... .................. ...................... ...................... ...... ...................... 
...... ...................... ..... ..................... 

................. 1 ................. ...................... 1 ....... 
................ ...................... ........................... ........... ...................... 1 

1 I ....... ...... .......... 1 ....... 
2 ....... 

.. ...................... ..... :::::: :::.. ...... ...................... 
..................... ...................... ......... ................. ............ ..... 

.... .... 

..... ....... ...................... .... ............ .............. 1 1 ....... 
..... ................ 1 1  ........ ............ 1 

1 1 ................................. ....... 1 
1 1 1 1 

2 ...... 1 ..... 1 1 1 1  ....... ................................. 2 ....... 
1 ....... 

........... ..... ....... ..... ................................. ....... 

.. ................................. 
2 ........... 1 1  ............ 13 

2 
2 
1 
1 
1 
2 
3 
2 
6 
5 
5 
1 
1 
2 
5 
2 
6 
3 
2 
3 
4 
2 
5 
1 
1 
5 
4 
3 
5 
2 
4 
5 
1 
1 
3 
5 
5 
1 
a 
3 
a 
1 
a 
4 
7 
8 
5 
6 

13 
10 
8 
8 

14 
6 
7 

a 

s 

10 A. schilck, Zoc. cit., p. W. 
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z n  
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29 1 

g g  
-- 

2 s  
5 Q  

4 7  . . . . 
8 '  

1 1  
- 

TABLE B . - A p ~ ' n u a t c  origin wr place of $rat record of tropical cyrlonrs 
of Australia, c h a j i t d  by 5°-aq.ua7cs and by months. 

Queensland: 

Northern Territory: 

Western Australia: 

Hurriarnesandcyclones __.._ 
Lessertroplealdisturbances.. 

On themainland _._....._.__ 
Hurricauesnear Timor ..__.__ 
Mainland .....__.______....__ 
In the EastIndian Ocean _ _ _ _  

In  the bulletin referred to, the storms of this region 
are listed under political divisions, as Queensland, 
Northern Territory, and Western Australia, with supple- 
ments to each list. One sup lement consists of storms 

dama ing the coastal settlements, another su plement 

occurring near Timor, not far from the Northern Territory 
of Australia. The remainin sup lement includes the 

portion of the Indian dcean, between the 100th meridian 
and the continent. Table 6 sums up the data as to the 
storminess of these several areas. 

which recurved to the east o ! Queensland, not severely 

inclu % es the hurricanes recorded by Doctor 6 raak as 

hurricanes recorded b A. Sc % I )  iick rom the easternmost 

29 32 '29 12 6 6 5 .___ 4 4 
12 15 12 10 9 7 6 1 _... 4 

7 4 S 2 ._._ _ _ _ _  ..__ .___ _... ._. ..._ __.. 1 6 ..__ _._. .... _.._ __.. ... 
2 l  17 15 7 _ _ _ _  1 .... __._ 1 1 
3 7 7 2 2 _.__ .... .___ _ _ _ _  .._ 

'rAsLE B.--ltlOnthly distribution of eycbnes, by stafcs. 

From Table 4 it  will be seen that the main hurricane 
season estends from December to April, for during this 
five-month period about five-sixths of the storms occur. 
About three-fifths of the storms occur in Januar Feb- 
ruary, and March. During the seven months c a y  to 
November, inclusive, storms are rare, but rather evenly 
distributed, except that no severe tropical cyclone has 
been recorcled in August. 

Table 6 indicates that there is some difference in 
monthl distribution of storminess in the several divi- 

season scarcely commences until January , while in 
Northern Territor near1 twice as many storms have 

times as many as in April. March is the stormiest 
ueensland, while in Western Australia both 

January month in an B February are stormier than March. Indeed 
January has had nearly twice as many storms as March. 
In the region, Northern Territory, somewhat intermediate 
conditions occur, January and March being ec ually 
stormy. In  the supplementa lists stmudied in Tahle 6 

recorded near Tinior occurred in April, while in the eastern 
portion of the Indian Ocean, February and March 
together have had nearly two-thirds of the total recorded 
storms. 

Table 5 reveals a tendency for a seasonal variation in 
the place of origin of the storms under consideration. 
From November to April, inclusive, sl' htl over half of 

5' to 15' S., while in the other six months about five- 
sixths of the storms make their 

sions o 9 Australia. In  Queensland, the main hurricane 

been recorded in % l  ecem er as in February, and three 

it is noticed t'hat six-sevent 'K s of the severe storms 

the storms are first noted in relativey 7 3  ow latitudes, 

%are orioinate in the 
over the &ulf of Carpentaria) in the six months 

reater than 15'. The 

October than in the rest of the year. 
The list of storms from which Trrbles 4 to 6 were com- 

piled was obtained wit,h the active assistance of officials 
of the Australian Me.te.orological Bureau, who not only 
facilitated my study of official records, the dail weather 

but assisted in many ways. Indeed to Mr. David Hodge 
of the cent.ra1 office, Melbourne, is due much credit for 
the completeness of the Australian lists. The lists to 
appear in the bu l l eh  are the first fairly complete lists 
for Australia. However, n list of 31 for Western Aus- 
tralia appeared in Hunt, Taylor, nncl Qunyle: Climate and 

maps for the 20 years 1892-1921, and other in ? ormation, 
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weather of Australia, 1913, and a longer list of Queensland 
storms appeared in tm official monograph on "Queens- 
land rainfall data." However, tornadoes and thunder 
squalls as well as hurricanes, are listed together with no 
clear separation between these ty es. 
As to the frequency of tropica P cyclones in Australia: 

During the decade 1912-1921 there was an average of 62 
storms a gear, together with an average of about S.5 
storms which did not produce damaging gales in Queens- 
land itself, although many caused gales at  sea not far 
away. In  Northern Territory and Western Australia 
the recent average of severe storms has been about 1.5 
severe storms each. In  near-by portions of the ndja- 
cent oceans there has been an average of fully two storins 
a year, bringing the total for this general region to well 
over a dozen notable tropical cyclones a year. 

As to the course followed by the storms, a few quota- 
tions from the bulletin niay be in order. 

A study of the foregoing charts reveals certain tendencies: 
(1) Although moat of the st.orms move southward into higher 1at.itudes 

they follow no prescribed paths, except perha ac rw  the south- 
weat.ern part of the continent, Irom Onslow to the g!hf and on t.oward 
Tasmania. Instead, some 8t.orms move southwest. others southeast, 
some even northward for I distance. Many rhange their rlirertion 
of progreseion several times. 'J'he more tracks one traces, the more 
evident it is t,hat, the Rtnrms aw influent-ed hy changing atmospheric 
conditions, rather than hy the unchanging relief features. 

(2) Although all portions of Australin are occasionally c:roRsed by 
tro iral cyclones notable dest.ruction upon the land has heen almoet 
l a c k g  in t.he extreme southern par- of the continent. The sect.ion 
betw+>en Melbourne and Sydney appears to be especially fortunate 
in this regard, as does also the extreme southwestern corner of the 
cont.inent . 

(3) Roughly, a fourth of the storms recurve rather sharply, t.heir 
trach forming a parabola. Another fourth recurve less sharply. 
forming a hyperbola. In rcspect to about anot.her fourth. the segment 
of the track traced might be one leg of a hyperbola. The remaining 
fourth of the tracks show no eign of curving on a parabolic course, 
being &her almost straipht, or curving irregularly. 

(4) Where recurving is evident, on these charts, t,he apex of t.he 
recurve generally is in the tropical latitudee. I n  other words storms 
located poleward of the tropic nearly always are moving eastward or 
southesstward, while in the tropical portion of the cont.inent many are 
moving westward. However, about as many are moving eastward or 
southward in the tropical parts of the continent as are moving westward. 

(5) The stqrnis of the main hurricane season, December to April, are 
much more likely to recurve on a arabolic or hyperbolic course than 
are the atorms of t.he other montEs. Indeed, the storms of May to 
November have a st.rong tendency to follow rather straight courses. 

(6) There seema to be a slight tendency for the storms which occur 
late in the year to be destructive farther south than those occurring 
in January to April. However, in April, Timor (Mitude 7' to loo) 
appears to be especially subject t.o humcanes. and in December several 
aevere storms have occurred in latitudes less than 20' from the Equator 
in Weatern Australia as well as beyond the tropic near 30° latitude 
in Queensland. 

(7) Moat etorms gain speed aa thev p , traveling about twice ae 
rapidly in the subtropiral ortioM o f y  eu mume as in the tropical 
portions. In the Tropirs tfeir avera-e speed is about 200 miles per 
day, while in latitude8 above 30' theg average is above 400 miles per 
day. The range in speed is hi-h however. some storma crossing north- 
ern Australia at the rate of 50OD&iles per day. while a few storma south 
of 30' travel 100 miles a day or leas. The storms which occur out of 
the main hurrirane season, namely those occurring from May to No- 
vember, have a higher average speed than those of the main aeaaon, 
December to April. 
(S) (n) A large share of the storms approach the coast of tropical 

Queensland from the east. ( b )  Another large share apparently origi- 
nate to the north or northwest of the continent, and move southward 
alon? the roast of Western Australia, or else move inland. (e) Some 
storms appear to originate in the interior, eapecially near the Gulf of 
ihrpmtaria. Such storms move south, southeast, or weat. d )  Many 
storm disappear in the interior of the continent. (P) A num fl er of the 
storms h a w  entered Queensland from the east, croased it, and Northern 
Territory, passed far south alonq the weatern coaat, then moved east- 
ward, being evident on the daily weather map as far east as New X e s -  
land, a distance of about 9,000 miles. In  some cases, there is little 
evidence of marked decrease in intensity. 

Finally, brief attention may be given to the tropical 
cyclones of the south Indian Ocean, longitudes 40" to 
100' E. The storms occurring near Mauritius have been 
studied for many years by the various directors, notably 
Meldriini, of the Royal Alfred Observatory. Table 7 
gives the storms, by years and months, from 1848 to 
1919, recorded in the reports of this observatory as 
occurring in longitudes 50" to 70' E. Tables 8 and 9 
give, respectively, the much less complete lists for the por- 
tions of the Indian Ocean to the west of 50" and to the 
enst of 70'. These two tables are based on the lists ven 
by Schuck," except that four storms described by # oods- 
Jones, from Cocos-ICeeli Islands, are added.la Table 10 

and is based in part upon storms not included in the 
foregoing lists, because the list for longitudes 50' to 70' 
is different and fuller than the one he used. He also 
includes in this table storms in the easternmost art of 
the ocean (east of lOO'), here considered with the 1 ustra- 
lian storms. 

Of the storins listed in Tables 7, 8, and 9, January and 
February had 25 per cent each, March 20 per cent, April 
and December 10 per cent each, November 5 per cent, 
and May 4 per cent. Storms are lacking or extremely 
rare in the four months June to Se tember. It appears 

cyclones occur annually in longitudes 40" to 100" E. 

indicates the re ion of T t e origin of tropical cyclones in 
the entire south K' ndim Ocean. It is copied from Schiick, 

that on the average rather more t \ an a dozen tropical 

11 Sehtick WirbelstUrme loe eit p 58. 
12 F. woo;lsJones: cmaiand at&.' TIM st- added are J S ~ .  2a. im (mw s e m )  , 

Feb. 4,1883, Mar. 4,1902, and Nov. 27, lsOg (wry severe). 
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1848 .......... 
1851 .............. 
1852 .......... 
1854 .............. 
1855 .......... 
1858 .............. 
1857 .......... 
1858 .......... 
1m .......... 
18ao .......... 
lasl .......... 
1862 .......... 
1863 .......... 
la4 .......... 
1w .......... 
1866 .......... 
lB7 .......... 
1866 .......... 
lm9 .......... 
1870 .......... 
1871 .......... 
1872 .......... 
1873 .......... 
1874 .......... 
1875 .......... 
1876 .......... 
lgll .......... 
1878 .......... 
1879 .......... 
1880 .......... 
1861 .......... 
1883 .............. 
1883 .......... 
1884 .......... 
1885 .......... 
1888 .............. 
1w .............. 
1888 .......... 
1Bw) .......... 
1891 .......... laea .......... 
1893 .......... 
ls94 .......... 
la95 .......... 
1888 .......... 
1w .............. 
1888 .............. 
1889 .......... 
le00 .............. 
1m1 .......... 
1902 .............. 
1903 .......... 
1w .............. 
1905 .......... 
1906 .......... 
1907 .............. 
100s .......... 
1 m  .......... 
1910 .......... 
1911 .......... 
1912 .......... 
19x3 .......... 
1914 .......... 
1915 .............. 
1916 .......... 
1917 .......... 
1918 .......... 
1919 .......... 

Total ....... 
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2 

2 

1 

1 
1 
2 
5 
2 
2 
2 
2 
1 
1 
1 
2 
1 
1 
1 
1 
2 
3 
3 
2 
2 
2 
1 
2 
2 

1 
1 
2 

1 
1 
3 
1 
2 
1 
1 
1 

1 

3 

3 

2 
1 

1 
2 
1 
1 
1 
3 
4 
2 
1 
1 
2 

94 

, 

- 

TABLE 'I.-Rmn~kxl tropicul cyclonce near Mauritius in south Indiuik 
Oceun. Zcmqitudts 50' to 70' E . 

1 
2 

1 

1 
2 
1 
1 

1 
2 
1 

1 

.... .... 
1 

1 
2 
1 
2 

.... .... 
1 

1 
2 
1 
1 
1 

1 

1 

.... 

................................................ ................................................ .................................................... ...................................... 1 ..... ......... 1 ...................................... 
1 1  ................................. 1 ..... .......... I ................................. 1 

..... 1 .......................... 

...................................... 1 ..... 

.......................................... 1 ..... 
1 1  ............................ 1 ..... 

1 1  1 ....................... 1 .......... 
...................................... 1 

1 2  ........................ 1 ..... 

..................................... 1 ..... 1 ............................................... 1 
1 ........................................... 
1 ...................................... 1 

.......... I ...................................... 
1 .....I ................................. 1 

.......... 1: ................ 1: .............. "'i- 

.......... i ............................ 1 ..... 

..........I ............................ 1 .......... 
4 .................................. 1 .... I ..... 

1 1  1 1  
..... .....I ..... !::: .............. 1 1 ..... 

..... 1 ,........ .................... 1 ..... 
1 ..... I ...................................... 

...................................... 1 .......... 

........................................... ............................................... :I 

..... 1 ............................ I. .... 2 

................................................ ................................................ ......................................... 1 .......................................... 1 

2 ................................. I .......... .................................................... ........................................... 1 ............................................... 1 
1 ..... 

1 ...................................... 

. 
d c . 
.... .... .... 

1 

1 
1 
1 

2 
2 

2 
2 
2 
1 
1 
1 
2 
1 

2 
2 

3 
1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
3 
1 
2 
3 
1 
2 

1 
2 
2 

1 

4 
2 
2 
1 
1 
1 
3 
1 
2 
1 
4 
3 
1 
2 

1 
2 
2 

.... 

.... 

.... 

.... 

.... .... 

.... 

.... 

..., 

.... 

... 

- 

............... 
1874 ...............I .......... .......... 
lS77 ............... 

1873 

lSi5 
1Si78 

1as 
1.w 
1881 
lSl 
18s ............... 
1884 ............... 
1s85 
1ss6 ............... 
1893 ............... 
1901 .......... 
1w2 
1909 

.......... .......... 

.......... 

............... 

. 

3 : I .....I ... .... 
; ::::: 1 2  

.....I 3 
1 

1 .......... ...................................... 2 ..... ......................... 1 ........................................... 1 .................... 1 ................................................ 1 
1 1  1 1  4 
1 2 1 4 

1 2 ...................................... 2 ..... 5 
1 2  ...................................... 1 ..... 4 

1 1 1 3 
1 1 ........................................... 2 

................... 1 ................................................ 1 

..... ...................................... ..... ........................................... 
..... ........................................... 

1 I::::: ................................................ 1 
1 .....I ...................................................... 1 

I: I I ! 1 1 .... ..... ..... ................................. ..... 

3 
2 
2 
3 
2 
4 
4 
4 
5 
9 
0 
4 
7 
5 
4 
6 
5 
7 
6 
5 
3 
9 
7 
5 
5 
0 
4 
5 
5 
4 
4 
4 
3 
4 
7 
3 
1 
0 
3 
7 
6 
7 
8 
2 
3 
5 
3 
4 
1 
4 
7 
7 
5 
8 
5 
8 
7 
8 
4 
8 
8 
12 
9 
5 
4 
4 
5 
6 

TABLE S.-Recmded tropical yelone8 i n  the smith Indian Ocean betwcen 

[From Schllck: Ziir Kenntnis der Wirbelstiirme. p . 55.1 

Ajrica and 50 E. ,  by years and montlrs . 

TABLE 9.--Rccorded tropical clones . 70° to 100' E.,  in the south Indian 
Ocean. ' 8 $ .  years mid ntonths 

[From Schiiek . Zur Keuntnis der Wirbehtiirme. p . 5%) 

1.348 1 .....I 1 1 ........................................... 
1852 lS1 ......... .......... .... 2 _I._ i ..... ... i / ..................................................... .......... .....I... .......................... 1 1  I... .. 
1655 .......... 1 .............. 1 .....I 1 
1.%2 .......... ' 1 1 2  ......... 1 

1s sr ...............I.....l...................................... ..... 1 1  ..... ..... 

1859 .......... ..... ..... 1 ...................... 1 :: ... 1 

1% .......... ... ........... ......I ::::: :: ................... 
.... ............................ 1 ..... 

....................... ..... 
1S7 .......... .....I.. ...,. .......................................... 

1w 
1861 .......... ................................. 

1 

1 1 

l s s  ............... ' ..... ' 1 1 ..... I"::: 1 

.......... ................................. 

............ ......... 1 ..... 
........................................... 

.......... ........... .......... ..... ........... ... ........... 

3 
1 
2 
1 
2 
1 
2 
5' 
9 
0 
7 
4 
3 
3 
7 
3 
2 
5 

1670 ..........I.. .......... 1 1  ........................................... 1 
1871 .......... -yl 11 1 ..........I...... 1 1  ( 1 1  .....I ...... 1 1 1 G  .....I .....I 
1872 .......... I ..... ..... ....................................... 5 

70 1 30 1 14 1 01  0 )  0 1  0 1  3 /  151 361351 Total ....... 
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TABLE lO.-Rcgi;uh of the &gin of eyc2onur in south Indim O m ,  c k d $ t d  arcording to month and l o r n t h  in arm 5°.rqwnc (18M-1906). 

(From A. FlehW, BeitrW zur MeereSLunde, lW, p. 58.1 

.................. ............................ ....... ....... 
....... ..................... .............. ..... ....... ....... ....... ....... 

....... 
............... 

.............. .............. ....... 
....... ..................... .............. ....... ....... 

January 6-10 2 2 1 3-1 1 
1 

-2 -1 -1 1- 5 
-2 1- 3 

Total -1 

1 1 -1 4 4  
1-1 

.................................... 
.................... .......................................... 

5-10 .......................................... -1 .......................................... 5- 1 
2-1 1 16- 2 1S15 .............. 1 

15-20 ....... -1 ..................... 1 1-1 ..................... 14- 7 
20-25 .............. ............................ -1 ............................ -1 ....... '& 6 

............................ -2 ....... ....... -1 ........................................................ - 5  
-1 -1 .............. - 2 

February. 

Totd 

March 0 - 5  1 1 
....... ............................ 

Total ....... 
Aprll ..................... 1 

.... .... ....... ....... ...... ....... 
15-20 ....... ....... -1 ....... -3 -1 

Total.. ............ 
November. ............. 

....... 
................................................. ............................ .............. ....... 5-10 1 

10-15 -1 1 
15-20 -1 
25-80 .............. 1- 3 
30-35 ..................... .............. ................................ ....... - 1  

Total. .... 
December.. .... 

............................... ....... ....... I ............................ 10-13-23 

.............. -1 ..................... ........... ... ....... ....... .......... ....... -1 

5-10 
10-15 
15-20 
S 2 5  .............. m... ....... 

Total.. ... ...........I.......).... ...I 1 1 -2 I -2 I 2-2 1 6-2  1 5 I 2 1 1 1 -1 I 4 I 3-1 I .......I....... ( -1 1 .......I....... 1 1 1 !&-11=36 

Table 11 summarizes certain data as to the tropical 
cyclones in the half of the southern Tropics here under 
consideration. 
TABLE Il.-Sria~mary as to tropical ryclones of hlj of 8 o d w n  

Hemiephcre. 

Region. 

1 to April. I I 
South Padflc (1W E. to 140 We.). 246 1784-1922 
Australia(1W t o l W  E.) ....... 1 252 

1837-1922 1 /I E 
4 0 0 t o W E  .................. 17 1851-1901 16 .................... 
50" t o  700 E. .  ................ 351 1W1919 6s .................... 
700 to  lOD0 E . .  ............... 124 1848-1909 38 .................... 

Indim Ocean .................... 488 1848-1919 MI 

w.) ...................... gso i7m-im im 88 

~---- --~- 
South Indian Ocean: 

-- -- 
Grand total (400 E. to 140' 

Representative tracks are shown on Charts I and 19. 
The tracks of stornis crossing Australia or vicinity were 
nearly all traced by the writer from the daily weather 
niaps for 1892-1921. The track of the 1928 storm has 
been su plied by Director Hunt of the Australia Meteoro- 

are omitted for lack of s ace. About two-thirds of the 

in Bartholemew's Atlas of Meteorology. 
were traced b the author from information gathered in 

d' eather Bureau. The notable storm of March, 1910, 
which damaged several island groups, is charted in Hunt 
Taylor, and Quayled Climate and Weatherof Australia. 
The Knip ing tracks have been dated. In  Barthole- 
mew's At& they are not dated. The dates were ob- 
tained from the Se elhandhuh fiir den S t a n  Ozeun, 1897. 

lo ical 8 ureau. Many of the tracks given in the author's 
bu 9 letin on Australian hurricanes, already mentioned, 

R d  tracks in the south Paci K c are those given by Knip in 

Pi 1 and elsew E ere, or from the records of the Australian 

The other t ir 

The south Indian 9, cean tracks are mostly those given by 
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Year. 
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Month. 
North 

295 

- 
West 

mgitude. 

105 
1W 
117 
1'22 
110 
121 
11.5 
174 
w 

109 
1% 
141 
117 
161 
1'& 

111 
118 
105 
lo5 
108 
107 
107 
130 m 
108 
1uB 
95 

114 
1Ui 
Ell 
1% 
106 
107 
122 
l2.I 
11s 
10i 
1 li 
15s 
161 
1.56 
151 
154 
157 
110 
105 
105 
158 
102 

rm 

..... 

Kbppen in Bsrtholomew's Atlas, which in turn were 
eralized from Meldrum, long director of the Mauritius 

Kservahry. "he wider lines indicate that three or 
more s t o n y  followed approximate1 that course in a 
35-year penod. The numeral a t  t i e  end of the line 
indicates the number of storms along that track in that 

Koppen's charts have been combined and modi- 
l ed  to aid in legibility and have been supplemented by 
several notable tracks shown in Ein Atlas fiir den In& 
&en Ozean, Deutsche Seeciurte, 1891. The latter tracks 

eriod. 

Source of Information. 

- 

are dated as to month, though not as to year. Koppen's 
tracks are dated only as to season, November and Decem- 
ber, January to March, and April to May. 
This chart and foregoing data lend little support to the 

oft-repeated genera.lization that tro ical cyclones origi- 

oceans at, the time when the doldrums are farthest from 
the Equator. Many o ther widely accepted ueneralizations 
as to tropical cyclones a pear unsafe in tze light of the 
fuller data being gathere T; . 

nate in a few restricted areas on t R e western sides of 

lS5.5 ............... 
1 s  ............... 
1S:S ............... 
1% ............... 
IS57 ............... 
1s;. .............. 
1SS.. ............. 
lSi.5.. ............. 
lsis ............... 
lyii ............... 
lS70 ............... 
lii0.. ............. 
1,571 ............... 
lg74 ............... 
ls77 ............... 
l!W ............... 
1.W ..............., 

TROPICAL CYCLONES IN THE NORTHEAST PACIFIC, BETWEEN HAWAII AND MEXICO. 

By STEPHEN S. VIBHER. 

\Indiana University, Bloomingtan, Ind.) 

June .............. 
Aug.S-6 .......... 
Aua. S-9 .......... 
Bept. I ............ 
JuneW ........... 
Sept. ti ............ 
-4ug. 17. .......... 
Nov. 21.. ......... 
Ju v25 ........... 
June 17 ........... 
Sept. 21-24.. ...... 
July3 ............. 
Nov. I9 ........... 
Nov. 5 ............ 
July6 ............. 

de y t ............. 10 

Ozt. 13 ............ I 

Reaeld,  in his paper on cyclones of the Pacific, forming 

Japan, devotes six pages to the northeast Pacific,' and 
presents a chart showmg the approximate tracks of 13 
cyclones most1 in the region just west of Mexico, but 
partly near Jawaii. In  the Segelhardbuch -fGr den 
Stillen Oze.anz there is a list of 45 storms occurring in that 
region between 1832 and 1893, no mention being made 
however. of those described bv Redfield. 

List 0~ tropical mjclonic s toma in the northenst PaciJc (west of MeTicoaad 
a psrt of Co-odore Perry's Narrative of &.pQditioll to , ('ealrul dnuricaa)&d east of the longitude of the Hawaiian Islanda-Con. 

I&. .............. July 3L.. .......... 
IS* ............... 1 Repl. 7 ............ 
IW.. ............ _I Yept. 21-33. ....... 
ISM.. ............ .I X e p 1 . W  ........ 
IS*. ............. .! Oct. '33.. .......... 
1s Ii5 ............... July31 ............ 
1 s .  .............. Sept. 12 ........... 
1s: ............... Oct. 5-6 ........... 
I W  ............... Oct. 25 ............ 
1 W  ............... Se t 18 ... ........ 
lSi ............... I Ju& ............. 
1x37 ............... Out. M ........... 

ASS*. ............. 01%. 3.. ........... 

1832.. ............. 
1- ............... 
1840.. ................. 
iM2 ............... 
1e4a ............... 
1S47... ............ 
1 W  ............... 

No mention of tropical cyclones occurrinu in this 
region between 1892 and 1915 has conie to ligyit except 
that the courses of Six are traced by HurdSJ 

Severe storms occurring in September, 1915 and Sep- 
tember, 1918, are described in the MONTHLY WEATHER 

Since August, 1921, brief mention of four tropical 
cyclones haa been made in the same journal? 

The followin list includes the 70 storms mentioned in 

List o tropical yclonic stornis in the northe(i8t Pari c (west  of 3iurii.o nwl  

these sources o f information: 

Cf,itral Amerira and cast oj'the lottgitide <$the Q aicniiati Islatwis.) 

December.. ....... 
Nov. 1 ............ 

.do.. .......... 
October ........... 
sept.23 ........... 
Oct. 24 ............ 
JuneZ1-22 ........ 1 

I Place of origin, or 
6rst record. 

l&%. .............. 
1YW ............... 
I W  ............... 
1m.. ............. 
1S1 ............... 
1w1 ............... 
WXZ ............... 
1902 ............... 
1904 ............... 
1W.. ............. 
1w16 ............... 
1- ............... 
1915. .............. 
1918.. ............. 
1921.. ............. 
lWl.-. ............ 
1921.. ............. 
1 Y 2  

1,SgQ.. ............. 

iw ............... 

............... 

Pear. Month. --- 

latitude. longitude 
1 I North I West 

Aug. V3-14.. ..... .i 
Sept. 10-11 ........ 
Bept. W ........... 
l u g .  18-19.. ...... 
Aug. 2 ............ 
Aug.7 ............ 
July 19 ............ 
Dec. 234011.2 ..... 
Nov. S D m .  4 .... 
DW. 23-30 ......... 
May 3-10.. ........ 
Oet. w ........... 
Nov. 8-13.. ....... 
Sept. 4 ............ 
Sept. l%lti..-. .... 
Sept. 24-30 ........ 
Ort. 4 ............. 
Oct. 9.. ........... 

dllg. >3*. ........ 

............. Feb. 1 I-. 

13 
23 
"2 
15 
13 
17 
16 

1850.... .................................. 
18jg ............... June% ........... 
1850.. ............. Aug. 5.. .......... 
1850.. ............. Sept. 9-11 ......... 
1850... ............ I h u t .  Z ........... I 

1s 
106 
105 
93 

13Y 

110 

1850 ............... oct .  1 4  ........... I 1850 ............... I oc t .3  ............. 

16 
11 
15 
26 
18 
14 
17 
15 
21 

28 
E 

1850.. ............. October ........... 
1851 ............... 
1851 ............... 
1851... ............ ............ 
lsSa ............... July 16-19 ......... 

................. 
10i 

b 117 
IW 
123 

c117 
105 
1'10 
107 

135 
:::: 

854 ............... I Oei.5 ............. I 
a NNE. 
b F m  N.-W.4. 
c 8W.-BE.-E.-N.-W.-S W. 
d BE.-NE. 
eRODlN. 

Sourre of information. 

D. S. H. 
D. S. H. 
D. S. H. 
D. S. H. 
Redfield. 
Redfleld. 
Redfield. 
Redfield. 
Redfield. 
Redfleld. 
Redfleld. 
Redfleld. 
Redfleld. 
Redfield. 
D. S. H. 
D. S. H. 
D. S. H. 
Redfleld. 
D. Y .  H. 
D. S. H. 

1 Willlam C RedBeld: Vol. I1 1858 Ben. Doc. 79, pp. 354-359. 
D&he 8warle Hamburg' 189i p. 309. 

a Wlllis E. Hurd: byclmlc st&mn hnd t hoona of the north Paciflr artirle on the 
reverse of MetWtOlo 1 Chartd oj the Wrt~Pnrffrc, U. 9. Weather E&eau, January, 
IU8rcl1 m d A  ~1 l!!? 

'J. f. Kim& A Pw1P.c hurrleane of Saptember 1915' Mo. WEATHER REV., vol. 
43, p. 4$& and F. Q. Tingley: Tropical cyclone of Beit. 1&17,1918, Just west of Mexico; 
YO. WEATHeS REV Y' Ml3. * F. Q. Tlngley, MS. WEATEEB REV., 4% 518,579,581; and I; 99. 

20 
1s 
15 
20 
11 
19 
13 
"1 
16 
10 
16 
17 
16 
lti 
14 
zu 
18 
13 
14 
3u 
23 
17 
24 au 
I 
?A 

3u 
li 
15 
1" 
17 
23 
14 
16 
1G 
11 
zu 
21 
18 
15 
I2 
1s 
20 
15 
18 
% 
22 
17 

2 

........ 
I I 

I NE.-NN W.-WN W.-Y W. 

I 
I 

... 

Redfleld. 

Bedfleld. 
Hedfleld. 
D. S. H. 
D. 8. H. 
D. S. H. 
D. 8. H. 
D. 8. H. 
D. s. H. 
D. 8. H. 
D. d. H. 
D. 9. H. 
D. P. H. 
D. 8. H. 
D. Y. E. 
D. e. H. 
D. 8. H. 
D. 8. H. 
D. 8. H. 
D. P. H.  
D. 8. H. 
D. P. H. 
D. S. H. 
D. s. H. 
D. 8. H. 
D. 9. H. 
D. 8. H. 
D. S. H. 
D. 8. H. 
D. S. H. 
D. a. H. 
D. S. H. 
D. 8. IE. 
D. 8. H. 
D. 8. H. 
D. 5. H. 
D. 6. H. 
D. R. IT. 
Hurd. 
Hurd. 
Hurd. 
Hurd. 
Hurd. 
Hurd. 
M. w. R., 
M W R  
M' W' R" 
M: W: RY 
M W R  
M: W: R:: 

n. S. H. 

a;*. 
46'-568 
491-518: 
,49;-579. 
49:-581. 
so;*. 

# SE. 
b W E. Hurd: Article Cyclonic storms and typhoons 

Weader Bureau, Januarj. March, and April, 1913. 
Of the north PsriEc. u. 8. 

The monthly distribution of these storms is shown in 
Table 1. All but two have occurred in the six-month 
period June to November, inclusive. September with 
3s per cent is the stormiest month, but October with 
25 per cent is only slightly behind. 


